We perform a series of comparisons between distance-independent photometric and spectroscopic properties used in the surface brightness fluctuations (SBF) and fundamental plane (FP) methods of early-type galaxy distance estimation. The data are taken from two recent surveys: the SBF Survey of Galaxy Distances and the Streaming Motions of Abell Clusters (SMAC) FP survey. We derive a relation between (V −I) 0 colour and Mg 2 index using nearly 200 galaxies and discuss implications for Galactic extinction estimates and early-type galaxy stellar populations. We find that the reddenings from Schlegel et al. (1998) for galaxies with E(B−V ) ∼ > 0.2 mag appear to be overestimated by 5-10%, but we do not find significant evidence for large-scale dipole errors in the extinction map. In comparison to stellar population models having solar elemental abundance ratios, the galaxies in our sample are generally too blue at a given Mg 2 ; we ascribe this to the well-known enhancement of the α-elements in luminous early-type galaxies. We confirm a tight relation between stellar velocity dispersion σ and the SBF 'fluctuation count' parameter N , which is a luminosityweighted measure of the total number of stars in a galaxy. The correlation between N and σ is even tighter than that between Mg 2 and σ. Finally, we derive FP photometric parameters for 280 galaxies from the SBF survey data set. Comparisons with external sources allow us to estimate the errors on these parameters and derive the correction necessary to bring them onto the SMAC system. The data are used in a companion paper which compares the distances derived from the FP and SBF methods.
INTRODUCTION
However violent or disturbed in youth, mature elliptical galaxies are remarkably well-behaved members of the celestial pageant. Their photometric and structural properties obey well-defined relations over a very large range in mass and luminosity. The correlations of distance-dependent properties with distance-independent ones then allows for the derivation of galaxy distances.
The fundamental plane (FP) Djorgovski & Davis 1987) works as a distance indicator because elliptical galaxies are dynamically hot systems obeying the virial theorem and have fairly similar, mainly old, stellar populations. The distance-dependent quantity is a combination of the galaxy effective radius and surface brightness (or just the galaxy luminosity for the Faber-Jackson [1976] relation), and the distance-independent one is the stellar velocity dispersion σ. Sometimes a stellar population term, usually the Mg2 index, is also incorporated into the FP (e.g., Guzmán & Lucey 1993) .
The surface brightness fluctuations (SBF) distance method (Tonry & Schneider 1988) relies solely on the stellar population properties of old stellar systems; this enables Cepheid calibration via SBF measurements in spiral bulges. The distance-dependent quantity for SBF is the luminosityweighted mean luminosity of the stellar population and the distance-independent one is the (V −I) colour, or possibly some other stellar population indicator.
This paper examines and compares the various photoc 2001 RAS metric and spectroscopic parameters used in the SBF and FP distance methods. We first discuss the data samples used for this study before exploring correlations between the distance-independent parameters which go into the methods. Special attention is given to potential systematic effects that could bias the distance estimates. We then describe our procedure for deriving the distance-dependent FP photometric parameters from SBF survey imaging data and compare the results with external data in order to evaluate their accuracy. We include a data table listing both the FP and SBF parameters; these are used in a companion paper (Blakeslee et al. 2002, hereafter Paper II) which makes detailed comparisons of the distance estimates for individual galaxies from the two methods.
DISTANCE-INDEPENDENT COMPARISONS
For this study, we combine data from two recent early-type galaxy distance surveys: the SBF Survey of Galaxy Distances and the Streaming Motions of Abell Clusters (SMAC) project. The SBF survey data and calibration are described in detail by Tonry et al. (1997, 2000, hereafter SBF-I and SBF-II) , with further analysis of the data given by Blakeslee et al. (1999, SBF-III) . SBF survey data for 300 galaxies within cz ∼ < 4000 km s −1 are tabulated by Tonry et al. (2001, SBF-IV) . The SMAC project is a cluster FP survey which combines new and literature data into a common system. As well as providing standardised parameters for cluster galaxies, the SMAC project derived improved values for many nearby non-cluster galaxies. The new photometric and spectroscopic data are presented by Smith et al. (2000, 2001, hereafter SMAC-I and SMAC-II) , and the full SMAC data set is tabulated by Hudson et al. (2001, SMAC-III) . A preliminary analysis of the peculiar velocity data was given by Hudson et al. (1999) . Here, we match data for galaxies appearing in both surveys and discuss correlations between the various distance-independent galaxy properties.
The (V −I)0-Mg2-σ Relations
We matched all galaxies with (V −I) colours from the SBF survey (SBF-IV) against the SMAC spectroscopic catalogue of homogenized Mg2 and σ measurements. The spectroscopic measurements have been normalized to a standard aperture of radius rap = 0.6 h −1 kpc by assuming a fixed radial gradient from Jorgensen et al. (1995) for all the galaxies and using the observed velocities to approximate distances (see SMAC-III). The (V −I) colours, however, are derived from the regions within the galaxies that were used for the SBF analysis. Because the galaxy centres are usually saturated in the SBF observations and the central regions are frequently affected by dust, these colours roughly correspond to the colour near one effective radius r ≈ Re (aperture effects on the (V −I)0-Mg2 relation are discussed in §2.4). Galactic extinction values and ratios from Schlegel, Finkbeiner, & Davis (1998, hereafter SFD) were used in deriving the reddening-corrected (V −I)0 colours (see SBF-II) . The adopted reddening law gives E(V −I) = 1.278E(B−V ).
A total of 209 galaxies were found to have both (V −I) and Mg2 data. One of these is M32, which has an extraordinarily large estimated aperture correction, while two others Figure 1 . (V −I) 0 colour from the SBF survey is plotted against Mg 2 index from the SMAC survey for galaxies in common between the two data sets. Filled squares represent elliptical galaxies (T -type = −5), open squares are S0 galaxies (T > −5), and the crosses represent galaxies with relatively high Galactic extinctions (A V > 0.5 mag from SFD). Median measurement errors are shown at upper left. The heavily reddened galaxies are too blue at a given Mg 2 , indicating that their reddenings have been overestimated. The solid and dashed lines are fits to the elliptical and elliptical+S0 samples, respectively.
(NGC 404 and NGC 5102) have Mg 2 ∼ < 0.0. We omit these three galaxies, leaving a sample of 206, all but two (E358-059 and NGC 4468) of which also have SMAC values for σ. The mean observational uncertainties are 0.018 mag in (V −I) (not including reddening errors) and 0.007 mag in Mg2; SBF-I and SMAC-III describe how the errors were estimated from comparisons of repeat observations. Figure 1 shows the correlation of (V −I)0 with Mg2 for the cross-matched data set. We find that ellipticals (filled squares, defined as having morphological type T = −5 in the RC3 [de Vaucouleurs et al. 1991] ), and S0s (open squares, effectively T > −5 for this sample) obey the same (V −I)0-Mg2 relation. This is expected for a pair of purely stellar population parameters with similar age-metallicity degeneracy properties (e.g., Worthey 1994) . However, the 8 highest extinction galaxies (crosses in Figure 1 ), which have E(V −I) > 0.20 and AV > 0.52, preferentially lie below the mean (V −I)0-Mg2 relation. The least-squares fits for galaxies with E(V −I) < 0.20 and Mg 2 > 0.1 are given by
for all morphological types (197 galaxies, rms scatter 0.0275 mag) and for just the ellipticals (125 galaxies, rms scatter 0.0257 mag), respectively. These fits are clearly identical within the errors. The 72 S0s exhibit a marginally higher scatter of 0.030 mag, however they also have larger (V −I) measurements uncertainties on average, 0.020 mag compared to 0.017 mag for the ellipticals. Therefore, we assign no physical significance to the marginal difference in scatter. If we perform a bivariate fit using the quoted uncertainties added in quadrature with a cosmic scatter term, we find that the cosmic scatter in (V −I)0 at a fixed Mg2 must be 0.021 mag to obtain a reduced χ 2 of unity (or, formally, 0.020 when just the ellipticals are considered and 0.022 for just the S0s). This cosmic scatter actually would include errors resulting from gradient and aperture effects, incorrect reddening estimates, as well as true peculiarities of the stellar populations. In the following section, we use the residuals from the (V −I)0-Mg2 relation to investigate problems with the extinction estimates.
Figure 2 plots Mg2 and (V −I)0 against the stellar velocity dispersion σ for the cross-matched sample. The Mg2-σ relation has been discussed in detail by many authors (e.g., Terlevich et al. 1981; Dressler et al. 1987; Guzmán et al. 1992; Bender, Burstein, & Faber 1993; Colless et al. 1999) , and we mainly include it here as a comparison to the (V −I)0-σ relation. Excluding the discordant S0 NGC 3156 which has Mg 2 < 0.1, we find
with an rms scatter of 0.022 mag for the full morphological sample (0.021 mag for just the ellipticals), consistent with most previous studies. For the (V −I)0-σ comparison, we again find that galaxies with E(V −I) > 0.20 mag appear to have had their reddening corrections overestimated by SFD. Excluding these and NGC 3156, we find
with an rms scatter of 0.031 mag for the full morphological sample (again, the elliptical subsample gives a near identical relation and a scatter 0.030 mag). We know of no other published derivations of a (V −I)-log σ relation. However, Bender et al. (1993) presented a relation between (B−V )0 and log σ, mainly using the highest quality subsample of 7S data from Burstein et al. (1987) . The slope of that relation is also near 0.2 and the scatter is 0.032 mag when the blue galaxies with (B−V )0 < 0.8 are omitted. Bower, Lucey, & Ellis (1992) examined the (V −K)-log σ relation and found scatters of 0.032 and 0.050 mag for samples comprised of 17 Virgo and 31 Coma early-type galaxies, respectively.
Tests of the Galactic Extinction
We can use the (V −I)0-Mg2 relation as a test of the Galactic extinction map. Figure 3 shows the residuals with respect to Eq. (2) and indicates an apparent problem at the highest extinctions: 7 of 8 galaxies (and all 4 ellipticals) with AV > 0.5 have negative residuals. The offset is significant at nearly the 3σ level. In order of increasing extinction, the 8 galaxies are E208-021, NGC 4976, E322-059, E092-013, E221-026, NGC 3136, NGC 2434, and NGC 2380; of these, only E322-059 has a positive residual. There is no simple trend in the residuals at lower extinctions, however. SFD produced a similar plot, showing residuals of the (B−V )0-Mg2 relation (data from Faber et al. 1989) against their E(B−V ) values. Although they concluded that there was no significant overall trend, all six galaxies with E(B−V ) > 0.2 had negative residuals. We note that Arce & Goodman (1999) also found that the SFD map overestimates the reddening in regions of smooth extinction with AV > 0.5 mag, although it may underestimate the reddening in regions with steep extinction gradients. Hudson (1999) has tested for large-scale systematic errors in extinction maps by fitting dipoles to galaxy (B−V )0-Mg2 residuals as a function of position on the sky. He used a sample of 311 galaxies of high photometric quality from Faber et al. (1989) (colours within a radius of 33 ′′ ) and the homogenized SMAC Mg2 values and found weak evidence, at the 92% confidence level, for a dipole residual of 13% amplitude in the SFD extinction map. However, because the residuals with respect to a smaller, independent data set consisting of Galactic globular clusters and RR Lyra stars did not show this dipole, Hudson concluded that the effect actually resulted from a ∼ 0.01 mag systematic error in the galaxy colours across the sky.
We have repeated Hudson's analysis, including the Monte Carlo estimations of the significance, using our sample of 205 galaxies with Mg 2 > 0.1 mag. Although the sample is smaller, (V −I) is ∼ 28% more sensitive to reddening errors. We do not find a very significant dipole residual. The confidence level for the dipole term in our fit is only 80%, with fractional amplitude 0.09 ± 0.07. The best-fitting direction, (l, b) = (97
• from that found by Hudson. However, if just the four highest extinction galaxies, all of which have negative residuals in Figure 3 , are omitted, then the fitted dipole swings by more than 60
• and has a similar low significance. These four highest extinction galaxies range in l from 241
• to 316
• and in b from −21.
• 5 to +12.
• 9. We conclude that there is no convincing dipole residual in the SFD extinction map from these data, although the extinction values appear to be systematically overestimated in certain directions.
Environment
We now explore the possibility of environmental influences on the (V −I)0-Mg2 relation. Hudson (1999) found that cluster galaxies are 0.01 ± 0.004 mag redder in (B−V ) than group/field galaxies at a given Mg2. Based on stellar population models, this could imply that cluster ellipticals are older and less enriched at a given Mg2, as might be expected in hierarchical formation scenarios. However, such an effect could also imply environmental variations in the abundance ratios, presumably due to differing time-scales for metal enrichment and the relative importance of type I and type II supernovae, with shorter time-scales yielding a higher relative abundance of alpha elements such as Mg (see Worthey 1998 for a discussion). In this case, one would expect cluster ellipticals to have formed more rapidly and thus to have higher Mg2 at a given (V −I)0, or equivalently, to be bluer at a given Mg2. Figure 4 shows the residuals of the (V −I)0-Mg2 relation for galaxies in the field, in the three most prominent clusters, and in other, smaller, groups. The scatter among the Virgo galaxies is the highest, but the sample is weighted more towards lower Mg2 values than the other samples and may be affected by a couple moderate outliers. Formally, the offset in the (V −I)0-Mg2 relation between field and group/cluster galaxies is 0.010 ± 0.005 mag, or 0.012 ± 0.005 mag if Virgo is omitted. This is at the same ∼ 2σ significance level as found by Hudson (1999) , but in the opposite sense: the field galaxies are marginally redder at a given Mg2, which would be consistent with longer enrichment time-scales. However, at this level, systematic directional errors in the extinction will become important, so we do not consider this result significant.
Comparison to Stellar Population Models
The Mg abundances of giant ellipticals are enhanced with respect to Fe abundances, as compared to the solar ratios (e.g., Worthey, Faber, & Gonzalez 1992) . Variations in the Mg to Fe (logarithmic) ratio [Mg/Fe] at a fixed total metallicity and age should cause scatter in the (V −I)0-Mg2 relation just as it causes significant scatter in the plots of Fe indices against Mg indices (e.g., Worthey 1998; Kuntschner 2000) . The effects of non-solar abundance ratios on broadband photometric colours due to isochrone temperature and line blanketing effects is not well-modeled, so we decided to look into this in a little more detail.
First it is necessary to make some correction for the systematic difference in aperture between the Mg2 and (V −I)0 measurements. Most of our galaxies are at distances of 1300 ± 400 km s −1 (Virgo, Fornax, Leo, Dorado); at this distance the fiducial radius of 0.6 h −1 kpc corresponds to ∼ 10 ′′ . We attempted to derive (V −I)0 colours near the galaxy centres using the surface photometry data files described in SBF-I. In many cases this was impossible because of saturation, for instance the images from the CTIO runs Figure 5 . Galaxy colour at a radius r = 10 arcsec is plotted against colour from the SBF survey data set for elliptical galaxies. The dotted line is the line of equality, and the dashed line is least-deviation fit to the points. SBF survey colours are typically ∼ 0.015 mag bluer than the colour at this fiducial radius.
(see SBF-I) with their large 0.
′′ 472 pixels and severe charge bleeding could not be used for this. For the S0s, the central colours showed large scatter when plotted against the SBF survey colours, owing to dust lanes and irregular gradients associated with disk contamination, etc. However, the relation for the ellipticals was tighter; Figure 5 shows (V −I)0 at r = 10 ′′ plotted against (V −I)0 from SBF-IV for the ellipticals (regardless of whether or not they have Mg2 from SMAC). The least absolute deviation line (to reduce the effect of outliers) shown in the figure is given by
where 'ctr' actually refers to a radius of 10 arcsec. The (V −I)0 aperture correction becomes larger for bigger, redder galaxies, but is always less than 0.02 mag. However, the Mg2 value at r = 10 ′′ will be ∼ 0.01 mag less than the value measured within this radius, according to the mean gradient derived by Jorgensen et al. (1995) . Thus, we apply this offset to the Mg2 indices before making a comparison to the modified colours. In addition, we follow Kuntschner et al. (2001) in 'correcting' the Mg2 indices to what they would be for solar abundance ratios at the same total metallicity Z. We use the results from their sample of 72 early-type galaxies to derive 
where Mg sol 2 is the Mg2 value corrected to solar-abundance ratios. The scatter in this relation is 0.005 mag. Kuntschner et al. (2001) . Filled and open squares are for ellipticals and S0s, respectively. The grid shows updated Vazdekis (1996) stellar population models from Blakeslee, Vazdekis, & Ajhar (2001) , with metallicities in the range [Z/H] = −1.7 to +0.2 dex and ages from 2 to 18 Gyr. The solid line is a fit to the filled points; it has a slope of 1.06, as compared to 0.88 for the corresponding fit in Figure 1 . However, the models define a yet steeper slope of ∼ 1.5.
is less well-populated by nice ellipticals with well-defined gradients, and only one of the 72 Kuntschner et al. (2001) galaxies which went into deriving Eq. (6) is due to non-solar abundance ratios, then (V −I)0 colour for early-type galaxies must increase, just as the Fe indices increase (see Trager et al. 2000 and Kuntschner et al. 2001) , when corrected to solar ratios (i.e., lower Mg at fixed Z).
There has been much discussion as to whether it is more proper to call Mg and the other alpha elements 'enhanced' or the Fe-peak elements 'depressed' in giant ellipticals (e.g., Vazdekis et al. 1997; Trager et al. 2000 , Kuntschner et al. 2001 , but both are relative terms. In any case, our results indicate that (V −I)0 colour is not 'enhanced' like Mg in these galaxies, but rather is 'depressed' towards the blue, consistent with the results of Salaris & Weiss (1998) who found that isochrones with [Mg/Fe] > 0 were hotter, and thus bluer, at all stages in the stellar evolution than scaledsolar abundance isochrones at a given total metallicity. The difference in temperature became much more pronounced for the higher-metallicity isochrones.
Distance-Independent Mass Measures
SBF-IV introduced the distance-independent 'fluctuation star count' N , defined as the difference between the SBF magnitude m and the total galaxy magnitude:
where Ltot is the total luminosity and L is the fluctuation luminosity (the luminosity-weighted mean stellar luminosity). Therefore, N corresponds to 2.5 times the logarithm of the luminosity-weighted number of stars in a galaxy; as such, it essentially scales with the galaxy mass. Because m and mtot are measured in the same bandpass, this parameter is independent of Galactic extinction and, if both are from the same image, independent of photometric zero point. SBF-IV showed that N correlated well with the galaxy velocity dispersion for a sample of 64 ellipticals with velocity dispersions from Prugniel & Simien (1996) . Figure 7 shows the corresponding plot for 174 SBF survey galaxies with mtot values from the fits described in the following section and SMAC velocity dispersions. The least-squares fit to the ellipticals and S0s with N > 18 is log σ = 2.20 + 0.10 (N − 20) ,
with an rms scatter of 0.079 dex; the 117 ellipticals give a closely consistent result and have a scatter of 0.069 dex. Thus, the relation is even tighter than the log σ-Mg2 relation, which has a scatter of 0.084 dex for the same sample of galaxies (both the full sample and elliptical subsample). Eq. (8) is nearly identical to the relation found by SBF-IV for their smaller sample. Rearranging terms, we have
which resembles the Faber-Jackson relation, except that the L term has a dependence on mass-to-light ratio that results in the small scatter for Eq. (8). Blakeslee et al. (2001) discuss the stellar-population aspects of N in more detail. We note that the value of the exponent in Eq. (9) depends on the inverse nature of our least-squares fit. A 'forward' fit of N as a function of log σ would have given an exponent of about 2.8; ideally, one would do a full maximum-likelihood analysis. The use of N for an alternative calibration of the SBF method is discussed in Paper II.
FP PHOTOMETRIC PARAMETERS FROM SBF DATA
Relatively few of the SBF survey galaxies with SMAC spectroscopic parameters also have SMAC surface photometry. This is largely because the SMAC project did not use the surface photometry from the 7S survey , which is in the B-band and uncorrected for seeing effects, while it did include the recalibrated and merged 7S spectroscopic data . Therefore, we have derived FP photometric parameters from SBF survey data. This presented a number of challenges, as the field sizes were not ideal and the galaxy centres often saturated. However, SBF-I described a procedure for measuring surface photometry in a series of concentric circular annuli of 3 ′′ width for all the SBF survey images after masking and interpolating over the bright stars. The surface photometry data were used in SBF-I to determine accurate photometric offsets for the many individual observing runs in the SBF survey and to provide accurate calibrations for non-photometric survey data.
We fitted Sersic (1968) r 1/n profiles to the SBF survey surface photometry data in circular annuli. A generalization of the de Vaucouleurs (1948) law, the r 1/n profile is convenient because it describes a large range of galaxy types from exponential disks to highly diffuse cD halos. [See Ciotti & Lanzoni (1997) and Ciotti & Bertin (1999) for discussions of the general properties of stellar systems following r 1/n profiles.] This profile has been widely used for empirically characterizing galaxy light distributions (e.g., Davies et al. 1988; Young & Currie 1994; Caon, Capaccioli & D'Onofrio 1993; Courteau et al. 1996) , including specifically for measuring FP distances (Graham & Colless 1997; Graham 1998) . Kelson et al. (2000) also explored r 1/n -law fits and concluded that the difference with respect to the r 1/4 -law fits was negligible for their subset of SBF survey data; however, the full data set is much more morphologically diverse, so we have kept this extra degree of freedom.
Not all the of the SBF survey galaxies converged to reasonable r 1/n fits (reduced χ 2 ∼ < 1). The failures to produce a good fit were partly because of morphological irregularity (9% of the 299 galaxies in the sample presented by SBF-IV were classified as spirals) and partly because of problems in the data (central saturation, bright nearby stars, occasionally poor flattening, etc.) that could be overcome for the SBF analysis, but not for the surface photometry fitting. We fitted the V and I SBF surface photometry down to fixed fractions of the sky brightness, 2.0% in V and 0.4% in I. Acceptable r 1/n fits were obtained for a total of 280 galaxies, of which 268 were elliptical or lenticular (T ≤ 0); 257 of these were successfully fitted in both the V and I bands. The fits were integrated to find the total magnitudes, half light (or effective) radii Re, and mean surface brightnesses µ e interior to the half light radius.
The surface brightnesses are corrected for Galactic extinction from SFD and (1+z) 4 dimming in all cases. We use the same K-corrections as in SBF-I: 1.9z for V magnitudes and 1.0z for I magnitudes. Because the SMAC survey data are standardised to the R-band, we transform the V and I surface brightnesses to R according to
which comes from the empirically-based models discussed in §2.4. At the median colour of (V −I)0 = 1.16, this implies (V −R)0 = 0.57, identical to the fixed colour transformation used by Smith et al. (1997) and only 0.01 mag different from the fixed color assumed by SMAC-III. As a further check, we derived a rough transformation based on data for 11 early-type galaxies with V RI colours measured by Tonry, Ajhar, & Luppino (1990) , whose (V −I)0 colours span a range of 0.20 mag and share a homogeneous system with our data. The resulting relation has a slope of 0.42 ± 0.06, consistent with Eq. (10), and is bluer in the mean by 0.015±0.004 mag. This (V −R) zero-point offset is typical of the (V −I) offsets among SBF survey runs prior to homogenization (SBF-II) and is in the opposite sense to the 0.01 mag offset with respect to the SMAC-III colour. We conclude that Eq. (10) is accurate at the 0.01-0.02 mag level. Finally, we form XFP ≡ log Re − 0.33 µ e , which is the photometric combination entering into the FP. We have neglected seeing corrections on XFP for this sample of nearby galaxies, all of which have 10 ′′ ∼ < Re ∼ < 100 ′′ and were observed in a typical seeing of 1 ′′ . Table 1 presents the results of our fits to the SBF survey photometry. The colums list: (1) galaxy name and (2) heliocentric velocity as in SBF-IV; (3) morphological T -type from the RC3; (4) B-band extinction from SFD; (5) (V −I)0 colour from the SBF survey; (6) N fluctuation count parameter formed from the SBF survey mI and our fitted I-band mtot; (7) pd quality parameter defined in SBF-II and tabulated in SBF-IV; (8) log Re from the I-band fit; (9) mean effective R-band surface brightness µR e from the I-band fit; (10) log Re from the V -band fit; (11) µR e from the V -band fit; (12) log σ from the SMAC survey; and (13) Mg2 from the SMAC survey. The surface brightnesses are corrected for Galactic extinction and (1+z) 4 dimming, K-corrected, and transformed to the R-band as described above. The errors on (V −I)0, log σ, and Mg2 are taken from the SBF and SMAC catalogues. For the N error, we added the mI error in quadrature with a nominal 0.2 mag uncertainty in mtot. We have included the pd parameter for further information on the quality of the mI measurement, with high values (pd ∼ > 2.7) indicating poor quality (see SBF-II and Paper II for discussions). We have not included error estimates on the log Re and µ e values, as they are too strongly correlated, and we recommend using them only in the XFP combination. Most of the remainder of this paper is dedicated to evaluating the uncertainty in the XFP values. Figure 8 shows the comparison between the R-band XFP values determined from the V and I SBF photometry. The overall scatter is 0.023 dex for 257 early-type galaxies. The largest outlier, at 0.014 dex, is NGC 4111, which is a nearly edge-on (axis ratio > 5) S0 galaxy with a red bulge and bluer disk. It does not appear in the 7S or SMAC catalogues and therefore is not used for the distance comparisons in Paper II. Excluding NGC 4111, the scatter in Figure 8 is 0.021 dex. For the 122 ellipticals (T = −5), the scatter is 0.016 dex. The internal error per measurements is therefore about 0.015 dex overall, or 0.011 dex for ellipticals. Table 2 summarizes the results of this comparison and the external comparisons below.
EXTERNAL FP COMPARISONS
Figures 9 and 10 compare XFP from the I and V SBF surface photometry fits of the previous section to XFP from the SMAC survey. There are 32 galaxies, including 18 ellipticals, with XFP from both data sets. Although our V and I fits were done independently of each other, these figures look remarkably similar in detail, not just in their offsets and scatter. This is because the internal scatter is significantly smaller than the external scatter, which has contributions from systematic effects resulting from the different fitting techniques, etc. The biggest outlier in both figures is the Dorado S0 galaxy NGC 1553, which also has the largest XFP in these figures. The data in the SMAC catalogue for this galaxy derive from the Jorgensen et al. (1996) study.
As shown in Table 2 , the scatter in XFP for the SMAC-SBF survey comparisons is 0.044 dex for the full overlap sample, 0.039-0.040 dex if NGC 1553 is omitted, and 0.027-0.029 dex for just the ellipticals. The offset between the two sets of XFP values is about 0.030 ± 0.007 dex, in the sense of the SMAC values being larger. In comparison, SMAC-III did not find significant XFP offsets among the different studies which went into the SMAC catalogue. The offset found here is not due to the photometry, as we directly compared photometric zero points for 10 of the 32 galaxies in common (all having new photometry from the SMAC survey), and the systematic offset was 0.03 ± 0.01 mag, a factor of three too small. Therefore, the XFP offset must come from the difference in fitting procedures used and may partially reflect the lack of seeing corrections. However, the agreement is reasonable after the application of this systematic correction; there is no evidence for systematic trends in the residuals with XFP, redshift, or galaxy type (although the scatter is larger for the S0s).
We can use the 7S photometric data set as an additional external check of our XFP measurements. We downloaded the data from Faber et al. (1989) from the Astronomical Data Center and calculated XFP values from the B-band surface brightnesses, (B−V ) colours, and effective diameters. The Burstein & Heiles (1984) extinction corrections were removed and the SFD extinction corrections were applied. The surface brightnesses were corrected for (1+z) 4 dimming (the 7S catalogue incorrectly states that this was already done), and then transformed to the R-band using (V −R)0 = 0.126 + 0.48(B−V )0 .
Since this is an extrapolation of the colours, it is more uncer- tain than Eq. (10), but the range of galaxy colours is small enough that the typical error in (B−R)0, and hence the Rband surface brightness, should only be a few hundredths of a magnitude, or ∼ 0.01 dex in XFP.
We noted above that the 7S photometric data were omitted from the SMAC survey because they were not corrected for seeing effects. Figure 11 plots the difference in the XFP values between the SMAC and 7S catalogues against redshift and compares an example SMAC seeing correction curve for a galaxy of fixed physical size Re = 1.6 h −1 kpc (5 ′′ at Coma distance) observed in 2 ′′ seeing. This model appears to overestimate the correction nearby, but gives a good match to the offset at larger distances. Table 2 includes the results of the 7S-SMAC comparison for galaxies within cz < 5000 km s −1 , for which the observed offset is not significant. All of the SBF survey galaxies have cz < 5000 km s −1 (and only a few have cz > 4000 km s −1 ); this is what has allowed us to neglect seeing effects in our own analysis. Before proceeding with the comparisons however, we note that XFP disagreed for NGC 1389 by more than 0.45 dex between the SBF and 7S data sets (it is not in the SMAC photometric catalogue). The log Re values agreed to within 0.04 dex, but the transformed 7S µ e is fainter by 1.44 mag. This galaxy has 'quality 3' (the lowest) photometry in the 7S data set, but other quality 3 galaxies do not show similarly large disagreements, so we omit NGC 1389 only from the comparisons below. Figures 12 and 13 show the comparisons of the transformed R-band SBF and 7S XFP values. The results are again summarized in Table 2 . There is no trend of the residuals with redshift. However, the galaxies which lie significantly below the mean difference line for these SBF-7S comparisons are bluer than average. Figure 14 plots the differences against (V −I)0 colour. Galaxies with (V −I)0 ∼ < 1.13 exhibit greater scatter and tend to have 7S XFP values greater than expected from the comparison to the SBF survey photometry. Table 2 shows that the scatter decreases by ∼ 25% when only (V −I) ≥ 1.135 galaxies are considered. This could be due to stellar population effects, as the 7S photometry comes from the B-band, while the SBF photometry is in V and I, and both have been transformed to R. However, it is not a simple linear relation between the residuals and colour (there is no trend for the redder galaxies which constitute the bulk of the sample), and photometric transformation errors should not cause offsets in XFP as large as 0.1 dex. We cannot test for a similar problem in the SMAC comparison because the overlapping galaxies all have (V −I)0 > 1.13 (lower panel of Figure 14) . We use the XFP values from the SBF survey data and test for colourdependent errors in the distance analyses of Paper II.
For the purpose of comparison to other works, the last column of Table 2 lists the rms scatters in comparisons of XFP defined with a µ e coefficient of 0.30 instead of 0.33. For instance, Smith et al. (1997) used a coefficient of 0.30 in doing these sorts of XFP comparisons, although the actual calculation of FP distances used a coefficient of 0.326 ). As Table 2 shows, the magnitude of the scatter is reduced by 20-35% for XFP comparisons us- ing the smaller coefficient (the scatter would increase by a similar amount if a coefficient of 0.36 were used). The systematic offset of our XFP values would change from ∼ 0.030 to ∼ 0.020 dex for a µ e coefficient of 0.30 (and to ∼ 0.040 dex for a coefficient of 0.36). We have adopted 0.33 for the µ e coefficient in the FP relation because it is within 0.01 of the values derived from very large data samples by Hudson et al. (1997) , Jorgensen et al. (1996) , Colless et al. (2001) and the SMAC project.
From the various comparisons, we can formally derive the error on XFP for any of the data sets. Specifically, we find that the external errors on our measurements of XFP from SBF survey data are 0.030-0.035 dex, or 0.020-0.025 dex if just the ellipticals are considered, with the 7S XFP errors being about 0.030 dex for both ellipticals and S0s. The XFP errors translate to an error of 6-7% in distance, roughly a factor of 3 smaller than the error expected from the intrinsic scatter in the FP. Thus, our XFP measurements are accurate enough for measuring FP distances, and the systematic correction of 0.03 dex brings them onto the homogeneous SMAC system.
SUMMARY
We have merged the SBF survey data with the SMAC FP survey data and explored the correlations between the distance-independent galaxy properties measured in the two surveys. Using 200 galaxies with data in both catalogues, we derived mean relations between SBF survey (V −I)0 colour and SMAC Mg2 and velocity dispersions. The intrinsic scatter in the (V −I)0-Mg2 relation (including the effects of colour gradients and any reddening errors) is 0.020 mag for the ellipticals and 0.022 mag for the S0s. We used this relation to test for errors in the SFD reddenings. There is no convincing evidence from these data for a dipole residual in the SFD map (our best dipole fit has a 9% amplitude but only 80% confidence). However, we do find that the galaxies in our sample with SFD AV ∼ > 0.55 mag have overestimated extinctions. Because these galaxies lie near the Galactic plane in a fairly restricted longitude range, we cannot say whether or not the problem is systematic at high extinction or simply indicative of large-scale coherent errors.
We also tested for the influences of environment and α-element enhancement on the (V −I)0-Mg2 relation. Consistent with expectations from the α-enhanced isochrone calculations of Salaris & Weiss (1998) , we found that the enhancement of the Mg2 values is not mirrored by redder (V −I)0 colours. In fact, comparison to solar-abundance ratio stellar population models indicates that (V −I)0 is slightly 'depressed' at a given total metalicity, and therefore appears to follow the Fe-peak abundances more than the α-elements abundances. We find no evidence for environmental effects larger than 0.01 ± 0.005 mag on the (V −I)0-Mg2 relation. We have derived the relation between the stellar velocity dispersion σ from the SMAC catalogue and the 'fluctuation star count' N , which was introduced in SBF-IV and corresponds to the luminosity-weighted number of stars in a stellar population. The scatter is only 0.079 dex in log σ (0.069 dex for the ellipticals), making this even tighter than the Mg2-log σ relation. The N -log σ relation is equivalent to the Faber-Jackson relation with a stellar-population correction term.
Finally, we have used the SBF survey V -and I-band photometry to derive the FP photometric parameters XFP for the survey galaxies. Comparisons to the SMAC and 7S data samples allowed us to estimate the external errors on our XFP measurements. A systematic correction of about 0.03 dex is required to bring our XFP values onto the SMAC photometric system. We provide a full data table of our results, to be used in a forthcoming analysis paper comparing SBF and FP distances to these galaxies.
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